Competition between the structural phase transition and superconductivity in 
Iri _ x Pt x Te 2 as revealed by pressure effects 
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Pressure dependent transport measurements of Iri_ a; Pt :E Te2 are reported. With increasing pres- 
sure, the structural phase transition at high temperatures is enhanced while its superconducting 
transition at low temperatures is suppressed. These pressure effects make Iri_ x Pt a :Te2 distinct 
from other studied TX2 systems exhibiting a charge density wave (CDW) state, in which pressure 
usually suppresses the CDW state and enhances the superconducting state. The results reveal 
that the emergence of superconductivity competes with the stabilization of the low temperature 
monoclinic phase in Iri_ x Pt I Te2. 

PACS numbers: 74.62.Fj, 74.25.Dw, 74.70.-b, 74.70.Ad 



One of the fundamental interests in the physics of tran- 
sition metal dichalcogenides (TX2, T = Ti, Ta, or Nb, X 
= S, Se, or Te) with IT and 2H structures is the compe- 
tition between two very different cooperative electronic 
phenomena: a charge density wave (CDW) state and su- 
perconductivity [l|-|3[ . Although the studies on TX2 have 
been ongoing for almost half a century, the microscopic 
origin of the CDW state is not yet fully understood. On 
the other hand, studies of TX2 systems have revealed 
interesting physical behavior 




FIG. 1: (Color Online) (a) The lattice structure of IrTe2 in the 
trigonal phase at T > T s showing (b) the equilateral triangular 
lattice of Ir atoms in the ab plane, (c) The lattice structure 
of IrTe2 in the monoclinic phase at T < T a showing (d) the 
isosceles triangular lattice of Ir atoms in the ab plane. In (d) 
the horizontal green lines represent the short Ir-Ir bonds along 
the 6-axis. 



Recently another member of the TX2 family with a 5d 
transition metal, IrTe2, has received a lot of attention 
due to its properties: (I) At the room temperature, the 
lT-IrTe2 crystallizes in a trigonal structure with the edge 
sharing IrTe6 octahedra forming layers stacked along the 
c-axis (Fig. 1(a)) with the Ir ions form equilateral trian- 
gular lattices in the ab plane (Fig. 1(b)). By decreasing 
temperature, at around 250 K shorter Ir-Ir bonds form 
along the 6-axis which transforms the structure into a 
monoclinic structure (Fig. l(c, d)). This transition is 
accompanied with a jump in resistivity and a decrease 
in susceptibility [9(. This phenomenon is similar to that 
of the CDW state in other TX2 systems. However the 
early NMR studies did not support the CDW transition 



scenario in IrTe2 [lQj]. Recent electron diffraction [11 1 



and photoemission studies [12j both suggested that the 
Ir t2 g orbitals could contribute in the transition. There- 
fore, the exact origin of this transition is still unclear. 
(II) Due to its large atomic number, IrTe2 is expected to 
show a strong spin-orbital (SO) coupling, which has been 
shown to result in unique quantum states in other mate- 
rials, e.g. the J c ff =1/2 Mott insulator in Sr 2 Ir04 [l3[ 
and topological insulators [i"i-[l6j]. (Ill) More interest- 
ingly, recent studies show that a small percentage of Pd 
or Pt doping induces superconducti vity at temperatures 
below 4 K in the parent compound [U[l3|- However, it 
is still unclear whether the origin of the superconduct- 
ing transition is similar to that of the other TX2 systems 
with a CDW state. 

In this Letter, we use hydrostatic pressure as a tool 
to influence the transitions in Iri-^Pt^T^. Transport 
measurements performed at different pressures clearly 
show that the structural phase transition temperature in- 
creases while the superconducting transition temperature 
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decreases with increasing pressure. These pressure ef- 
fects make IrTe2 distinct from most other TX2 systems in 
which pressure usually suppresses the CDW states while 
enhancing the superconductivity. The results show that 
Iri_ x Pta;Te2 is a unique system due to the competition 
between the structural and superconducting transitions. 

Single crystals (SC) of IrTe2 and Iro.95Pto.o5Te2 were 
grown using a self-flux technique as recently reported 
[181 ] . The polycrystalline samples (PC) Iro.98Pto.o2Te2 
and Iro.97Pto.o3Te2 were prepared by standard solid state 
reaction. To avoid the grain boundary effect in transport 
measurements, the dense and hard pellets of the poly- 
crystalline samples were prepared by a cold-press tech- 
nique The transport measurements were performed 
using a four probe technique and the hydrostatic pres- 
sure was generated by using Daphne oil 7373 as a pres- 
sure medium in a standard piston cylinder clamp cell. At 
low temperature, the pressure generated by the Daphne 
oil 7373 is known to decrease by approximately 1.5 kbar 
20]. Any pressure mentioned in this Letter will be the 
pressure as measured at the room temperature. Single- 
crystal neutron diffraction measurements were performed 
at the HB-3A four-circle diffractometer at the High Flux 
Isotope Reactor at the Oak Ridge National Laboratory. 

The structural phase transition temperature was deter- 
mined from the transport measurement since the transi- 
tion is accompanied with an increase in the resistivity 
(p). Here, T s is defined as the minimum of dp/dT. At 
the ambient pressure T s was found to be 264 K and 272 
K for IrTe2 during the cool down and warm up process, 
respectively (Fig . 2(a)), which is consistent with a pre- 
vious report [18j . With increasing pressure, T s increases 
linearly with dT s /dP = 4.393 K/kbar (Fig. 2(b)). Here 
dT s /dP is the average of dT s /dP during the cool-down 
and warm-up process, as the values are very similar. The 
transport measurement shows a thermal hysteresis, char- 
acteristic of a first order transition. IrTe2 shows no su- 
perconductivity down to 1.3 K at all measured pressures 
(not shown). 

In Iri_ :c Pt a ;Te2 samples at ambient pressure T s is sup- 
pressed to lower temperatures and superconductivity ap- 
pears below 4 K with increasing Pt-doping (Fig. 3), 
which is consistent with the reported data [uj. For x — 
0.02 and 0.03, T s increases linearly with increasing pres- 
sure and the rates are 5.235 K/kbar and 4.098 K/kbar, 
respectively. For x = 0.03, the superconducting transi- 
tion temperature, Tsc, shifts toward lower temperatures 
with increasing pressure with a rate dTsc/dP = - 0.09 
K/kbar (insert of Fig. 3(b)). For x — 0.02, the super- 
conducting transition is not yet complete at P > 4 kbar 
at the lowest accessible temperature. The single crystal 
x = 0.05 shows no detectable anomaly nor hysteresis as 
apparent as in x < 0.03, at P < 5.4 kbar. Similar to 
other samples, its Tsc decreases with increasing pressure 
with a rate of - 0.025 K/kbar. However, at 7.6 kbar, the 
thermal hysteresis reappeared at T s = 96.5 K and 151.6 
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FIG. 2: (Color Online) (a) Temperature dependence of resis- 
tivity of IrTe2 at various pressures showing a clockwise ther- 
mal hysteresis around the structural transition. For P < 8.4 
kbar, p(320 K) was obtained by extrapolating the linear part 
at T > T s ; (b) Pressure dependence of T 3 for cool-down and 
warm-up runs. 



K during cool-down and warm-up, respectively, for x — 
0.05. At 9.6 kbar T s increases to 100.7 K and 156 K, 
respectively. 

For x = 0, 0.02, and 0.03, it is clear that the resis- 
tivity jump is related to the structural phase transition. 
The increase of T s for these three samples with increasing 
pressure indicates the low temperature monoclinic phase 
is stabilized by pressure. The Pt-doping completely sup- 
presses the structural phase transition for x — 0.05 at low 
pressures and as a result no resistivity jump nor hystere- 
sis were observed. The reappearance of the resistivity 
anomaly for x — 0.05 at high pressures, with features 
similar to that of the low doping samples, clearly indi- 
cates that the structural phase transition is recovered in 
this sample at high pressures above 7.6 kbar. It is also 
noticed that for x = 0.02, the resistivity increases around 
T s with increasing pressure; and for x — 0.03 and 0.05, 
the resistivity increases for the whole temperature region 
below T s with increasing pressure. 

The overall behavior of the system revealed by pres- 
sure effects are summarized in Fig. 4. Using pressure as 
controlled parameter, the structural transition tempera- 
ture of Iri_ a; Pt a: Te2 is enhanced in temperatures and the 
superconducting transition temperature is reduced. For 
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FIG. 3: (Color Online) Temperature dependence of normal- 
ized resistivity for Iri_ a; Pt :E Te2 at various pressures. Poly- 
crystalline samples with (a) x = 0.02 and (b) x = 0.03. (c) 
Single crystal with x = 0.05. The insets show the supercon- 
ducting transition part of each corresponding figure. 



x =0.05, the structural phase transition, suppressed by 
Pt-doping, is recovered by high pressure. The competi- 
tion between the structural phase transition and super- 
conductivity is clearly revealed. 

In some of the TX2 systems, such as 2H-TaSe2, 2H- 
TaS2, and 2H-NbSe2, the CDW transition coexists with 
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FIG. 4: (Color Online) The pressure dependence of T 3 and 
Tsc for Iri_ :E Pta;Te2. Here the T a values are obtained from 
the cool-down data. 



the superconductivity [lHjL On the other hand, in 1T- 
TiSe 2 [1, H and !T-TaS 2 HI El, the superconductivity 



can be achieved by doping or pressure. Generally, for 
TX2 systems, the doping mainly shifts the chemical po- 
tential into the conduction band due to donor electrons 
and the pressure mainly increases N(Ep) by suppress- 
ing the CDW state and restoring the Fermi surface to 
the undistorted state. Therefore, both doping and pres- 
sure have similar effects on TX2 systems: suppress the 
CDW transition and enhance the superconductivity 0- 
0, [22T - [26j . The pressure studies on TX 2 without intro- 
ducing any degree of internal disorder by doping clearly 
demonstrates the competition between the CDW state 
and superconductivity. 

It is apparent that the pressure effects on lT-IrTe2 
and related Pt-doped samples are different from other 
TX2 systems. X-ray diffraction studies on IrTe2 show 
that the high temperature transition is of a structural na- 
ture from a trigonal to a monoclinic structure with space 
group C2/m. The transition causes the Ir-Ir distance to 
contract along the 6-axis, establishing an Ir-Ir bond (Fig. 
1(d)). On the other hand, the distance between the IrTe 6 
layers along the c-axis expands d,[I3|- Based on the sim- 
ilarity of the structural distortion between IrTe2 and an- 
other triangular lattice material NaTi02 with Ti 3+ t^g 
orbital ordering 27, (2||, Pyon el al 17] proposed that 
the structural phase transition in IrTe2 could be induced 
by the ordering of the Ir 5d ti g orbitals. The most re- 
cent photocmission results also suggest an orbitally in- 
duced Peierls effect in IrTe2 [Hj]. Moreover, Yang et al 



11] proposed a charge-orbital density wave scenario for 
IrTe2, based on the fact that the structural phase tran- 
sition is accompanied by the emergence of superlattice 
peaks. Although the exact origin of the structural phase 
transition for IrTe2 is unclear, all the studies indicate 
that the transition is not exactly CDW-based as shown 
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by other TX2 systems but more likely related to orbital 
ordering. Another fact is that no electronic phase tran- 
sition is induced by the structural phase transition in 
IrTe2, but only a resistivity jump in a generally metal- 
lic behavior over the entire temperature region. On the 
other hand, the CDW transition of other TX2 systems is 
generally accompanied with a metal-insulator transition. 
Therefore, in IrTe2 the structural distortion is the main 
phenomenon leading to the observed transport behav- 
ior. For other TX2 systems with a CDW transition, the 
lattice deformation is usually regarded as a secondary 
effect caused by electronic ordering. This fundamental 
difference could be the primary reason for the different 
pressure effects between IrT2 and other TX2 systems. 

Single crystal neutron diffraction measurements on an 
as prepared IrTe2 sample was also performed to revisit 
its structure. The results confirmed that the low temper- 
ature monoclinic phase shows a contraction of the Ir-Ir 
bond along the &-axis and an expansion along the c-axis. 
More importantly, the volume shows a 0.9% decrease be- 
low the structural phase transition [29j]. Therefore, when 
the applied pressure contracts the IrTe2 volume, the low 
temperature, smaller volume monoclinic phase is stabi- 
lized, resulting in an increase in T s . The stabilization of 
the low temperature phase by pressure is also shown by 
the increase of the resistivity below T s with increasing 
pressure for Pt-doped samples, since the low tempera- 
ture monoclinic phase favors higher resistivity due to the 
resistivity jump around T s . The pressure effects on IrTc2 
are analogous to those of spinel CuIr 2 S4. In CuIr 2 S4, the 
structural transition occurs from cubic to tetragonal with 
a volume contraction of 0.7% 13 01 due to the orbitally 
induced Peierls state below T s [311 ] . The transition is 
accompanied by a metal-insulator transition due to the 
charge ordering of Ir 3+ -Ir 4+ electrons 32j. In contrast 



to most systems exhibiting metal-insulator transitions, 
high pressure stabilizes the low temperature insulating 
phase for CUIX2S4, leading to an increase in T s and re- 
sistivity below T s H. While the dT s /dP for CuIr 2 S 4 
was found to be about 2.8 K/kbar, smaller than that of 
Ii'i_ 2; Pt a ;Te2, which is 4.0 ~ 5.0 K/kbar, the similarity 
of the phenomenon could be useful to understand the ex- 
act origin of the structural phase transition in IrTe2 and 
more studies are needed. 

In the Pt-doped samples, while the monoclinic phase 
is stabilized by pressure, the superconductivity is sup- 
pressed simultaneously. In the case of x = 0.05, the 
structural phase transition is recovered with high pres- 
sures at 7.6 kbar. These pressure effects clearly show the 
competition between the structural phase transition and 
superconductivity: the stabilization of monoclinic phase 
suppresses the superconductivity. On the other hand, 
with increasing Pt-doping, T s is suppressed and super- 
conductivity emerges. Pyon et al have already pointed 
out that the breaking of Ir-Ir bonds in the monoclinic 
phase by Pt-doping results in the appearance of super- 



conductivity. The pressure and Pt-doping affect the tran- 
sitions in the opposite way. However, both effects con- 
sistently show that the structural fluctuations related to 
Ir-Ir bond formation in Iri_ a: Pt a ;Te2 are critical for the 
emergence of superconductivity. While the Ir-Ir bond in 
the monoclinic phase is stabilized by pressure (is bro- 
ken by doping), the superconductivity is suppressed (is 
induced by doping). 

In conclusion, the transport measurement at differ- 
ent pressures on Iri_ a: Pt a ;Te2 clearly revealed the com- 
petition between the structural phase transition at high 
temperatures and the superconductivity at low temper- 
atures. This makes Iri_ a; Pt 2 ;Te2 unique compared with 
most TX2 systems that have been studied, in which the 
competition is between two electronic phases: the CDW 
state and superconductivity. Iri_. c Pt ;r Te2 provides a 
unique case to study the close relationship between struc- 
tural fluctuations and superconductivity. 
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